The utility of sulfamic acid in One-pot assembling of aromatic aldehydes, aromatic amines and β-keto esters to afford densely functionalized tetrahydropyridines in 70-89% yield has been presented. The advantage of sulfamic acid against other catalysts in terms of yield has been studied. The effect of different solvents on reaction time and yield has also been studied. Easy work up and mild reaction condition are the advantages of the proposed method.
INTRODUCTION
Nowadays, multicomponent reactions (MCRs) 1 have been rewarded a great deal attention by synthetic organic chemists throughout the world because the construction of structurally design composite molecules with an assorted range of complexity which is possible to obtain with easily available starting materials. In many cases, a single product was obtained from three or more dissimilar substrates by reacting through MCRs.
2 MCR possesses some advantages over conventional syntheses together with lower costs, shorter reaction time, high degrees of atom economy, the possibility for combinatorial surveying of structural variations, and environmental easiness. In the midst of prominent efforts to develop new MCRs, 3 Bonfield et al 4 recently reported a resourceful method for the preparation of the isoindoline framework via a six component, tandem double A3-coupling and [2+2+2] cycloaddition reaction. In addition, one-pot, multi-component reactions continue to be of attention in the synthesis of a range of composites containing particularly nitrogen atom 5, 6 due to the quick assembly of substituted systems lacking isolation of unstable intermediates. The significance of these one-pot reactions in such syntheses has been well established in the Mannich, Ugi, 5 Biginelli, 6 aza-Baylise Hillman 7 reactions, and in Hantzsch dihydropyridine synthesis. 8 Furthermore, the Orru group 9 developed a one-pot reaction of up to eight components that involves nine new bond formations and eleven faces of multiplicity. The literature survey revealed that, MCRs that involve 1,3-dicarbonyl compounds, aldehydes, and nucleophilic compounds have received much attention because the formation of different condensation products expected depending on the specific conditions and structures of the building blocks.
The tetrahydropyridine containing gallows are broadly dispersed in natural products, biologically active molecules and organic fine chemicals. 10 Compounds including tetrahydropyridine motif reveal antimalarial, 11 antibacterial 12 , antihypertensive, 13 anticonvulsant and anti-inflammatory activities.
14 There are various synthetic strategies have been developed for the synthesis of tetrahydropyridine scaffolds, some of the them includes, imino-Diels-Alder reactions, 15 aza-Prins-cyclizations, 16 intramolecular Michael reactions 17 and intra-molecular Mannich reaction onto iminium ions 18 . An alternative current strategy for the synthesis of functionalized tetrahydropyridine is using onepot MCRs. Literature survey disclose only a few methods to synthesize highly functionalized tetrahydropyridine derivatives via MCRs using catalysts including combination of L-proline/TFA 11 , bromodimethyl sulfonium bromide (BDMS), 19 tetrabutylammonium tribromide (TBATB), 20 Iodine, 21 InCl 3, 22 picric acid 23 and bismuth nitrate 24 . Aforesaid methods have some weaknesses like use of expensive catalyst, the amount of catalyst, failure in some of the cases to attain desired product and increased reaction time. Solid acid catalysts have proved into most significant tools for the expansion and synthesis of different chemicals. These catalysts are economic, energetic and selective.
Sulfamic acid (H 2 NSO 3 H) has come out as a green heterogeneous catalyst for the acid catalyzed reactions like functional group protection and deprotection, 25 inter and intra-molecular imino Diels-Alder reaction, 26 Pechmann condensation, 27 Biginelli condensation, 28 Beckmann rearrangement, 29 etc. It is comparatively economic, dry, non-volatile, non hygroscopic, noncorrosive, odorless solid crystalline catalyst. It exhibits characteristic catalytic features related to its zwitter-ionic nature and hence displays an incomparable activity over a huge collection of organic conversions.
Therefore, in the present study, as a part of our ongoing research with the aforementioned catalyst, herein, we describe the use of sulfamic acid for the synthesis of functionalized tetrahydropyridine via one-pot multi-component reaction.
Scheme 1:
Sulfamic acid catalyzed synthesis of densely functionalized 1,2,5,6-tetrahydropyridines. 
RESULT AND DISCUSSION
Various potential catalysts were tested for the direct synthesis of 4a, by the model reaction of benzaldehyde (2 equiv), aniline (2 equiv) and ethyl acetoacetate (2 equiv) in ethanol at room temperature, with the results listed in Table 1 . From the literature study, it has been found that lewis acid catalyst plays an important role in construction of tetrahydropyridine scaffolds. Therefore, we initiated our study with Mg(ClO 4 ) 2 (Table 1, Entry 1) followed by various catalysts (Table 1 , Entry 2-13). Reaction of 1, 2 and 3 in the presence of catalyst under study revealed the formation of 4a in 38-73% yield. While, trace amounts of the product was noticed with FeCl 3 and HCl (Table 1 , Entry 6 and 7), however, no yield obtained in absence of catalysts. Amongst of catalyst tested, sulfamic acid proved to be superior for producing the better yield (78%) of the compound 4a (Table 1 , Entry 12), with reduced reaction time (8 hrs) .
A review of the solvents revealed ethanol (EtOH) to be the best choice and it was used directly without rigorous drying. Whereas, considerable yields (63% and 73% respectively) were obtained with tetrahydrofuran (THF) and acetonitrile (MeCN) ( Table 2 , Entry 4 & 5). Furthermore, it was also noticed that, the isolated yield of the product affected by the amount of catalyst employed for the reaction. 5 mol% of the catalyst afforded yield of the isolated product in only 28% after 20hrs ( Table 2 , Entry 1), while, an increase in yield was noticed up to 20mol% of the catalyst loading. The best results were obtained with 20 mol% of the catalyst in ethanol in 8 hrs of reaction time (88%, Table 2 , Entry 8). No significant improvement in the results was noticed with further increase in the catalyst loading (Table 2, Entry 9). Therefore, the same tactic was employed for the further exploration of the applicability of the method by synthesizing a range of densely functionalized tetrahydropyridines (Table 3 ). All the synthesized compounds 4a-p, were characterized by melting point, IR, 1 HNMR and mass spectral analysis. To explore the scope and generality of this five component reaction under optimized conditions, a variety of aromatic aldehydes containing electron donating groups (-Me and -OMe) and electron withdrawing substituents in the aromatic ring (-Br -F, -Cl, -NO 2 and -CN) were reacted with varying β-keto esters and substituted amines. The reaction time and percentage yield obtained for functionalized tetrahydropyridine derivatives (4a-p) were as listed in Table 3 . In common, aromatic aldehydes bearing electron-donating and electron-withdrawing functional groups at different positions reacted with ethyl acetoacetate or methyl acetoacetate efficiently in the presence of substituted anilines to generate the corresponding products in good to better yields (Table 3) . However, in case of 3-nitro benzaldehyde, 2-nitro and 4-cyano benzaldehyde, the products were obtained in moderate yield (Table 3 , entry 4k, 4l and 4m respectively), possibly due to the formation of more stable imines, having an added conjugation in the presence of nitro group, which become less reactive and less soluble in ethanol.
The present protocol was also examined for substituted amine with groups like -OCH 3, and 1, 3-dicarbonyl compounds like ethyl and methyl acetoacetate with an assorted aldehydes and amines, wherein, the desired tetrahydropyridine derivatives were obtained in better yield as illustrated in Table 3 . This established that the alkoxy (-OR 3 ) moiety present in the ester functionality does not have any primary role in determining the route of the reaction.
A plausible mechanism for the synthesis of functionalized tetrahydropyridine is as shown in Scheme 3. 
CONCLUSION
In conclusion, we have developed a competent method for the synthesis of densely functionalized tetrahydropyridine through one pot five component reactions using a catalytic amount of sulfamic acid at room temperature. The recognized quality of this method, encompass gentle reaction conditions, high atom efficiency, economical starting materials, uncontaminated reaction profiles and environmentally friendly catalyst.
EXPERIMENTAL
All the chemicals & solvents were used from Sigma-Aldrich. Melting points were uncorrected & recorded on optimelt digital melting point apparatus. IR spectra were recorded on Bruker Alpha E FTIR spectrophotometer.
1 H NMR was recorded on Varian 300MHz spectrometer by using TMS as an internal standard. Molecular weight was determined using LC-MS Scinpor ESI.
General procedure for the synthesis of (4a-p) In a 100 mL flask, amine (1.0 mmol), acetoacetic ester (0.5 mmol), sulfamic acid (0.1 mmol) and ethanol (5 mL) were added sequentially, followed by aromatic aldehyde (1.0 mmol). The reaction mixture was then stirred at room temperature until completion of the reaction (8-12 hrs, as monitored by TLC). A solid appeared in the reaction mixture was filtered and thoroughly washed with aqueous ethanol to afford the desired pure product 4. The same procedure was followed for the synthesis of all other functionalized tetrahydropyridine (4a-p). Crude products were further purified by column chromatography on silica gel (EtOAc/pet. ether) to give a pure product. ,6-bis(3,4,5-trimethoxyphenyl)-1-phenyl-4-(phenylamino)  tetrahydropyridine-3-carboxylate(4d -4-(4-methoxyphenylamino)-2,6-bis(4-cyanophenyl)-1,2,5,6-tetrahydro-1-(4-methoxyphenyl) -4-(4-methoxyphenylamino)-1,2,5,6-tetrahydro-1-(4-methoxyphenyl)-2,6-dip-tolylpyridine-3 -4-(4-methoxyphenylamino)-1,2,5,6-tetrahydro-1,2,6-tris(4-methoxyphenyl) 
